The objective of this project was to determine the effect of hermetic storage conditions on red flour beetle (Tribolium castaneum) and maize weevil (Sitophilus zeamais), and to hopefully reduce infestation during storage. This project used 4 oz. glass jars and vacuum grease to provide hermetic storage conditions. Red flour beetles (Tribolium castaneum) were placed in jars filled with wheat, and maize weevils (Sitophilus zeamais) were placed in jars containing corn. We examined counts of live and dead insects over time in both grains, using both hermetic and non-hermetic conditions. After 30 days, statistical analyses were conducted to determine the effects of hermetic vs. non-hermetic conditions for both grains. We found that 100% mortality for red flour beetle (Tribolium Castaneum) was obtained after 12 days for wheat under hermetic conditions. We also found 100% mortality of maize weevils after 12 days of hermetic storage of corn.
Laboratory-scale hermetic storage of wheat and maize against the infestation of red flour beetle (Tribalism castaneum) and maize weevil (Sitophilus zeamais)
Introduction
The hunger is an enormous challenge for the modern world, especially for some of the developing regions. During 2010-2011, the cereal production of developing countries was 1318.8 million tonnes while the consumption of them was 1424.8 million tonnes and 28 African countries required external assistance of food till 2013 (FAO, 2013) . Wheat and maize are two of the most important food resources and they are beneficial to relieve the situation of hunger. However, the output is relatively low in developing regions. The output of wheat in 2011 was 700.2 million tonnes all over the world but was 46.4 tonnes in Near east, was 24.7 tonnes in Latin America and was 2.3 million tonnes in Africa (FAO, 2013) , only accounted for 6.6 percent, 3.5 percent and 0.3 percent separately of world wheat output. And the output of maize in 2011 was 835.9 million tonnes all over the world The authors are solely responsible for the content of this meeting presentation. The presentation does not necessarily reflect the official position of the American Society of Agricultural and Biological Engineers (ASABE), and its printing and distribution does not constitute an endorsement of views which may be expressed. Meeting presentations are not subject to the formal peer review process by ASABE editorial committees; therefore, they are not to be presented as refereed publications. Citation of this work should state that it is from an ASABE meeting paper. EXAMPLE: Author's Last Name, Initials. 2015. Title of Presentation. ASABE Paper No. ---. St. Joseph, Mich.: ASABE. For information about securing permission to reprint or reproduce a meeting presentation, please contact ASABE at rutter@asabe.org or 269-932-7004 (2950 Niles Road, St. Joseph, MI 49085-9659 USA) .
Page 1 (USDA, 2014) but was 22.7 million tonnes in southern Africa (FAO, 2012) , was 4.9 million tonnes in Ethiopia, and was 6.8 million tonnes in Indonesia (USDA 2014), only accounted for 2.7 percent, 0.6 percent, and 0.8 percent separately of world maize output. The output of wheat and maize in some of the developing regions is too low to satisfy the consuming requirement. Take Indonesia as an example, the output of maize in 2011 was 6.8 million tonnes while the consuming requirement of maize in that year was 9.8 million tonnes (USDA, 2014) . Therefore, Indonesia had to import 3 million tonnes of maize.
It is no doubt the output of wheat and maize is not enough to satisfy the requirement, the loss during storage period of them could make things worse. According to The World Bank's report (The World Bank, 2011) , 17.5 percent weight loss was estimated due to poor storage condition of maize in Eastern and Southern Africa during [2005] [2006] [2007] . While 13 percent weight loss was estimated for wheat in same period. The major biotic factors that cause the storage loss are insects, molds, birds and rats (Baloch, 1999) . For wheat, the average loss due to insect pests during post-harvest storage in two-year-old wheat was estimated at around 9 percent of total production, and in some individual cases, up to 15 percent. Additionally, this damage may result in the rejection of a large amount of potential food material at the cleaning and food preparation stage (Baloch, 1999) . For maize, the storage loss caused by insect pests was generally estimated to range between 20-30 percent (Tefera et al., 2011) , and the weight loss of 3 month storage could be up to 34-40 percent due to larger grain borer (Prostephanus truncates) pests and 10-20 percent due to maize weevil (Sitophilus zeamais) pests (Boxall, 2002) . Furthermore, the loss caused by maize weevil (Sitophilus zeamais) during post-harvest storage was 20 percent to 30 percent in Ethiopia while 100 percent damage has been found in maize stored for 6-8 months in the Bako region of this country (Demissie et al., 2008) , and 18 percent of stored maize was infected and destroyed by maize weevil in Tanzania (Mulungu et al., 2007) .
Red flour beetle (Tribolium Castaneum) is one of the major insect species that could infect wheat (Baloch, 1999) . It is a cosmopolitan pest for wheat (Hamed and Khattak, 1985) . With destroying the kernels of wheat by gnawing holes through them (Atanasov, 1978) , red flour beetle (Tribolium Castaneum) damages wheat and result in losses of weight and quality of it. Thus, become the most serious pest for wheat. Maize weevil (Sitophilus zeamais) is a major pest of maize and is one of the major insect species known to infect maize in storage in tropic regions (Longstaff, 1981; Jacobs and Calvin, 2001 ). It damages maize by attacking the kernels and lays eggs into the kernels (Throne, 1994) . Within kernels, its larvae could be feed and develop entirely (Storey, 1987) . The infection of maize weevil (Sitophilus zeamais) could cause the reduction of percent germination, weight and nutritional values of maize (Keba and Sori, 2013 ).
Many efforts have been made to prevent the infection of red flour beetle (Tribolium Castaneum) and maize weevil (Sitophilus zeamais). Chemical application is one of the most valid methods and a lot of researches were conducted relate to it. Haliscak and Beeman (1983) found that both red flour beetle (Tribolium Castaneum) and maize weevil (Sitophilus zeamais) have Malathion resistance but this resistance could be suppressed by triphenylphosphate and therefore to achieve a good result of killing the insects. However, the chemical insecticides application could result in environmental pollution, adverse effect on non-target organisms and food contamination with toxic residues (Niber, 1994; Asawalam et al., 2006; Dhuyo and Ahmed, 2007; Kumar et al., 2007; Muluken and Ketema, 2014) . Additionally, the cost of the chemical insecticides is difficult for the farmers of developing region to afford (Mendesil et al., 2007) . Another effective method to protect stored wheat and maize from attacked by red flour beetle (Tribolium Castaneum) and maize weevil (Sitophilus zeamais) is by temperature control (Maier et al., 1996) . As the temperature condition could determine how fast stored product insects develop into populations large enough threaten grain quality and value (Pedersen, 1992) . This method has been demonstrated valid that female maize weevil lay few eggs when temperature drop below 20°C (Throne, 1994) , and temperatures below 17°C are adequate to slow insect development enough to limit pest damage (Burges and Burrell, 1964) . Though, the cost of establishing a temperature control system is too high to implement this method in developing regions.
To manage the pests properly and avoid their infestation on wheat and maize, hermetic storage is another valid method. A research was carried out with hermetic storage bag and 100% mortality was obtained within 4 weeks for lesser grain borer and cowpea weevil (Garcia-Lara et al., 2013) . A study by Yakubu et al. (2011) utilized 350g maize together with 30 maize weevils (Sitophilus zeamais) stored within 473ml glass canning jars. The jars were stored at 27°c and 10°c, 6.3% and 16% moisture. For hermetic treatment, maize weevil mortality was recorded on days 2, 4, 6, 8, 10 while for non-hermetic treatment, the mortality was recorded on days 2, 6, 10. For both the 6.3% and 16% moisture maize, maize weevil mortality reached 100% in six days with hermetic storage at 27°c.
It was demonstrated that red flour beetle (Tribolium Castaneum) also could be killed by hermetic condition (Press and Harein, 1966) and 95% mortality was obtained by exposing the beetles in a pure carbon dioxide atmosphere for 11.9 hours. Another research showed that at 26.7 degree Celsius, 95% mortality of red flour beetle adults could be obtained by an exposure of 271 hours to 45% CO2 and 55% air mixture; 58 hours to 62% CO2 and 38% air mixture; 47.5 hours to 80% CO2 and 20% air mixture (Aliniazee, 1971) . Aliniazee (1971) also indicated that under hermetic conditions the adult red flour beetles depleted the oxygen from 20.9% to 1.7% while produced about 20% of carbon dioxide gas in 7 days.
However, the method of hermetic storage has not been applied to red flour beetle (Tribolium Castaneum) so far. Although hermetic storage has been demonstrated a valid way to prevent maize weevil infection, its effect on red flour beetle (Tribolium Castaneum) has not been clear. The effect and efficiency of hermetic storage on red flour beetle (Tribolium Castaneum) need to be determined. Meanwhile, the effect and efficiency of hermetic storage on maize weevil (Sitophilus zeamais) need to be specified as well.
The present research was undertaken in laboratory scale to determine the effect of hermetic storage on controlling the infestation of red flour beetle (Tribolium Castaneum) and maize weevil (Sitophilus zeamais) during wheat and maize storage by determining the mortality of the insects under different hermetic conditions (hermetic or non-hermetic). And to provide basic information on feasibility of applying the hermetic storage in the control of Red flour beetle (Tribolium Castaneum) and Maize weevil (Sitophilus zeamais) during wheat and maize storage.
Materials and Methods

Red Flour Beetle (Tribolium castaneum) Along with Wheat
The adult of red flour beetle (Tribolium castaneum) was obtained from laboratory cultures, reared on a food substrate consisting of rolled oats and wheat. The cultures were kept in an incubator and maintained at a constant temperature of 24± 0.8°c.
Soft white wheat of fresh commercial variety was obtained from the local market (Ames, Iowa, USA). It was produced by Honeyville and was produced during 2012 in northern USA. It was cleaned to remove broken wheat and foreign material and no pesticide was used. After purchase, the wheat was stored at 4°c until used.
A laboratory scale hermetic storage model employing small glass jars and vacuum grease (Dow Corning High Vacuum Grease, Dow Corning Corporation, Midland, MI USA 48686) was used. Treatment condition of temperature of 27°c was chosen.
A chamber of model Fisher Scientific Isotemp Chromatography Refrigerator (Thermo Fisher Scientific Inc., Waltham, MA USA 02451) was used in the experiments, with heating facility and temperature controls, maintained at 27°c. 4 oz Jelly canning jars (Ball Glass Mason Jars, Hearthmark, LLC dba Jarden Home Brands, Daleville, IN USA 47334) were utilized in present experiment. Each jar was loaded with wheat to nearly full and 10 adult red flour beetles (Tribolium castaneum). For hermetic group, utilized canning jars with hermetic lids and vacuum grease, while for non-hermetic group (control group), utilized coffee filters (Hyvee 8-12 Cups Coffee Filter, Hyvee Inc., West Des Moines, IA USA 50266) as lids with jars, which allowed air passage but not insects escape.
The experimental design for red flour beetle (Tribolium castaneum) along with wheat (Table 1) consisting of two factorials (days and hermetic conditions) and six replications, with beetles' mortality being the dependent variable. Days had 5 levels (3rd, 6th, 9th, 12th, and 30th), while hermetic conditions had 2 levels (hermetic and non-hermetic).
Total 6 replications were used for red flour beetle (Tribolium castaneum) along with wheat and each replication had a total of 10 treatments (a balance design of 5 hermetic and 5 non-hermetic). The hermetic jars had five levels of days while the non-hermetic jars also had five levels of days. Each of the 60 jars contained 10 beetles.
To determine mortality, each jar from the 10 treatments was examined for dead insects on the day to which it was randomly assigned. Both of the hermetic and non-hermetic treatments counts were done on days 3, 6, 9, 12, and 30. The number of dead bugs of each jar was recorded and divided by 10 to obtain the mortality. The mortality recorded was utilized in the statistical analysis, for testing the hypothesis of difference in mortality of insects for different hermetic conditions.
Maize Weevil (Sitophilus zeamais) Along with Maize
The adult of Maize weevil (Sitophilus zeamais) was attained from laboratory cultures, cultivated on a food substrate of maize. The cultures were retained in an incubator and maintained at a constant temperature of 24± 0.8°c.
Maize grain of fresh commercial hybrid Fontanelle 6T672 was obtained from the local market (Ames, Iowa, USA). It was cleaned to remove broken maize and foreign material and no pesticide was used. After purchase, the maize was stored at 4°c until used.
A laboratory scale hermetic storage model with small glass jars and vacuum grease (Dow Corning High Vacuum Grease, Dow Corning Corporation, Midland, MI USA 48686) was used. Treatment condition of temperature of 27°c was chosen.
A chamber of model Fisher Scientific Isotemp Chromatography Refrigerator (Thermo Fisher Scientific Inc., Waltham, MA USA 02451) was used in this experiments, with heating facility and temperature controls, maintained at 27°c. 4 oz Jelly canning jars (Ball Glass Mason Jars, Hearthmark, LLC dba Jarden Home Brands, Daleville, IN USA 47334) were utilized. Each jar was loaded with maize to nearly full and 10 adult maize weevils (Sitophilus zeamais). For hermetic group, utilized canning jars with hermetic lids and vacuum grease, while for non-hermetic group (control group), utilized coffee filters (Hyvee 8-12 Cups Coffee Filter, Hyvee Inc., West Des Moines, IA USA 50266) as lids with jars, which allowed air passage but not weevils escape.
The experimental design for maize weevil (Sitophilus zeamais) along with maize (Table 2 ) consisting of two factorials (days and hermetic conditions) and six replications, with mortality being the dependent variable. Days had 5 levels (3rd, 6th, 9th, 12th, and 30th), while hermetic conditions had 2 levels (hermetic and non-hermetic).
Total 6 replications were used for maize weevil along with maize (Sitophilus zeamais) and each replication had a total of 10 treatments (a balance design of 5 hermetic and 5 non-hermetic). The hermetic jars had five levels of days while the non-hermetic jars also had five levels of days. Each of the 60 jars contained 10 weevils.
To determine mortality, each jar from the 10 treatments was examined for dead insects on the day to which it was randomly assigned. Both of the hermetic and non-hermetic treatments counts were done on days 3, 6, 9, 12, and 30. The number of dead bugs of each jar was recorded and divided by 10 to obtain the mortality. The mortality recorded was utilized in the statistical analyses, for testing the hypothesis of difference in mortality of bugs for different hermetic conditions.
Results and Discussion
Red Flour Beetle (Tribolium castaneum) Along with Wheat
For hermetic storage at 27°c, red flour beetle mortality reached 100% in 12 days, while for the non-hermetic samples (control group), at 27°c, compared to hermetic samples, beetles have much lower mortality for sixth to twelfth days. The mortalities for non-hermetic samples ranged from 10%-60% for samples of 12th day ( Figure  1 ).
The red flour beetle mortality of hermetic group increased more rapidly than non-hermetic group over time because the oxygen content within the jars of hermetic group was much lower and the CO2 content within the jars of hermetic group was much higher than those within the jars of non-hermetic group. The higher the CO2 content, the more easily the red flour beetle (Tribolium castaneum) could be killed (Aliniazee, 1971 ).
Compare to the research conducted by Yakubu et al. (2011) , which obtained 100% mortality of maize weevil at 6 days, the 100% mortality obtaining of present research expended more time at 12 days. There were several possible reasons such as resistance to hermetic environment of different varieties of insect. Further and lager scale experiments are needed to demonstrate them.
For hermetic storage at 27°c, the number of living red flour beetles (Tribolium castaneum) reached 0 in 12 days, while for the non-hermetic samples (control group), at 27°c, compared to hermetic samples, beetles have much higher living numbers for zero to twelve days. As the number of living beetles for non-hermetic samples was 4-9 for 12th day (Figure 1 ).
The numbers of living red flour beetles (Tribolium castaneum) of hermetic group decreased more rapidly than non-hermetic group over time because the oxygen content within the jars of hermetic group was much lower and the CO2 content within the jars of hermetic group was much higher than those within the jars of non-hermetic group, and the higher the CO2 content, the more easily the red flour beetle (Tribolium castaneum) could be killed (Aliniazee, 1971 ).
Compare to the research conducted by Yakubu et al. (2011) , which killed all maize weevil at 6 days, the present research expended more time at 12 days. There were several possible reasons such as resistance to hermetic environment of different varieties of insect. Further and lager scale experiments are needed to demonstrate them.
From figure 9 , the numbers of living red flour beetles (Tribolium castaneum) dropped along with time by following the exponential regression exactly for the treatment of non-hermetic (R^2=0.95), while with hermetic treatment applying, this exponential regression could be greatly affected (R^2=0.67, Figure 10 ). Which illustrated that hermetic treatment could affect the natural trend of the death of the insect and therefore kill the insect effectively.
For statistical analysis, there were significant statistical evidences that there were differences in mortalities of red flour beetle (Tribolium castaneum) for different hermetic conditions for days 6, 9, 12, and 30, but no differences for different hermetic conditions for days 0 and 3, illustrated that hermetic treatment became effective on killing red flour beetle (Tribolium castaneum) after 6 days storage (Table 4) .
Maize Weevil (Sitophilus zeamais) Along with Maize
For hermetic storage at 27°c, the mortality of maize weevil (Sitophilus zeamais) reached 100% in 12 days for all the replications, while for the non-hermetic samples (control group), at 27°c, compared to hermetic samples, weevils have much lower mortalities for sixth and twelfth days. The mortalities for non-hermetic samples ranged from 20%-50% for all the replications of 12th day ( Figure 5 ).
The maize weevil mortality of hermetic group increased more rapidly than non-hermetic group over time because the oxygen content within the jars of hermetic group was much lower and the CO2 content within the jars of hermetic group was much higher than those within the jars of non-hermetic group, and demonstrated that the hermetic condition could kill maize weevil effectively.
Compare to the research conducted by Yakubu et al. (2011) , which obtained 100% mortality of maize weevil at 6 days, the 100% mortality obtaining of present research took longer. Which illustrated that the efficiency of killing maize weevil with hermetic condition could be different, depended on different conditions, such as initial oxygen content and environmental temperature.
For hermetic storage at 27°c, the numbers of living maize weevil (Sitophilus zeamais) decreased to 0 in 12 days for all the replications, while for the non-hermetic samples (control group), at 27°c, compared to hermetic samples, weevils had much higher living numbers for six to twelve days. The numbers of living weevils for nonhermetic samples was 5-8 for all the replications of 12th day ( Figure 5 ).
The numbers of living maize weevil (Sitophilus zeamais) of hermetic group decreased more rapidly than nonhermetic group over time because the oxygen content within the jars of hermetic group was much lower and the CO2 content within the jars of hermetic group was much higher than those within the jars of non-hermetic group, and demonstrated that the hermetic condition could kill maize weevil effectively.
Compare to the research conducted by Yakubu et al. (2011) , in which all the maize weevils (Sitophilus zeamais) were killed in 6 days, the present research took longer in 12 days. Which illustrated that the efficiency of killing maize weevil with hermetic condition could be different, depended on a variety of conditions, such as initial oxygen content and environmental temperature.
From figure 11, for the treatment of non-hermetic, the numbers of living maize weevil (Sitophilus zeamais) dropped along with time by following the exponential regression (R^2=0.97), while with hermetic treatment applying, this regression was greatly affected (R^2=0.67, Figure 12 ). Which illustrated that hermetic treatment could affect the natural trend of the death of the maize weevil and thus kill the insect effectively.
For statistical analysis, there were significant statistical evidences that there were differences in mortalities of maize weevil (Sitophilus zeamais) for different hermetic conditions for days 9, 12 and 30, but no differences for different hermetic conditions for days 0, 3, and 6. Which illustrated that hermetic treatment became effective on killing maize weevil (Sitophilus zeamais) after 9 days storage (Table 6 ).
Implications
The results of present study have demonstrated that hermetic treatment is a valid and efficient way to kill red flour beetle (Tribolium castaneum) and maize weevil (Sitophilus zeamais). Basic information on the feasibility of applying the hermetic storage to control of red flour beetle (Tribolium castaneum) and maize weevil (Sitophilus zeamais) during wheat and maize storage has been collected. Data collected could be used for scale up design of full-scale storage systems for grain. Hermetic storage could be a useful method for both wheat and maize storage and can save huge amount of post-harvest loss and therefore is meaningful for relieving the food pressure.
Conclusions
Hermetic storage results from present investigation showed that hermetic storage is effective on controlling of the infecting of red flour beetle (Tribolium castaneum) and maize weevil (Sitophilus zeamais) during wheat and maize storage. 100% mortality of red flour beetle (Tribolium castaneum) was obtained in 12 days under hermetic condition and hermetic treatment become effective on killing it after 6 days storage. 100% mortality of maize weevil (Sitophilus zeamais) was obtained in 12 days under hermetic condition and hermetic treatment become effective on killing it after 9 days storage. 
